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Recent  physiological  experiments  by  Dickson  and  Shevkyl  and
by  Edmunds  and  Long2 afford  evidence  that  the  peculiar  and  dis-
tressing symptoms of  botulinus poisoning may be explained  upon the
hypothesis  that  the  real  site  of  action  of  the  toxin  is  upon  nerve
terminals  and  that the paralytic  features  are  not of central origin, as
was formerly supposed.  This casts  a measure  of suspicion upon  the
older  work,  largely  histological,  tending  to show  that the toxin acts
directly upon  the  central  nervous  system and  particularly  upon  the
respiratory center  presumably in the medulla.  If the position taken
by these  authors  is as  secure  as it seems  to be,  how  then are we  to
explain  the  repeated  descriptions  in  the literature  of definite  lesions
with claims that they result  from poisoning by botulinus toxin?  Are
they,  perhaps,  susceptible  of  some  other  interpretation,  or  is  their
relationship  to  botulism  a  fact  which  can  be  substantiated?  A
brief  review  of  the literature  will  be  helpful  in  showing  how  con-
tradictory are the observations  that have  been made.
Van  Ermengem's  3 discovery  that  the  toxin  is produced  by  the growth  of
Clostridium botulinum, coming at a time when so many and brilliant advances were
being made in the field of neurocytology by Golgi, Cajal, Nissl, and their students,
led many investigators  to approach  the problem from this angle, and to attribute
considerable,  perhaps  undue,  significance  to the results obtained.  The  obs'erva-
tion, soon reported,  of chromatolytic changes  in the Nissl bodies was responsible
in the first  instance, for the claim that the toxin acts primarily upon nerve  cells
and that all other manifestations of disease are secondary phenomena.  But there
has been no  general  agreement  as to  the distribution  of the lesions.  Some  con-
1  Dickson, E. C., and Shevky, R., J. Exp. Med.,  1923, xxxvii;  711, xxxviii, 327.
2  Edmunds, C. W.,  and Long, P. H., J. Am. Med. Assn.,  1923, lxxxi,  542.
3 Van Ermengem,  E., Arch. pharmacod., 1897,  iii, 213.
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sidered  them  to be  most  marked  in the  spinal  cord  and  to  decrease  in severity
as  the  higher  centers  are  reached,  45  while  others  emphasized  particularly  the
changes  in the nuclei  of origin of the cranial  nerves,  not even looking  for lesions
elsewhere.6' 7 According  to Pisani,8  the  pathological  changes,  though  occurring
in  other  places,  are  most  marked  in  the  parasympathetic  system.  That  the
clinical  symptoms  are  not  always  what  one  would  anticipate  from  the topog-
raphy of  the lesions  has been pointed out by Wilbur and Ophtils.9 Certainly  one
would not expect noticeable involvement of the cells of the cerebral and cerebellar
cortex.  Neither is the severity of the lesions paralleled by the clinical symptoms.
l°
Further uncertainty  is cast on the findings  by the failure  of Wilbur and Ophtils to
detect any  definite  alterations at all in nerve cells  and by their willingness to go
so far in the opposite  direction  as to claim that  the Nissl bodies stain  unusually
well.  Dickson,  11  also, was  unable to bring  to light distinctive  changes  in nerve
cells.  Some  additional  weakness  is  revealed  upon  critical  examination  of  the
evidence presented in favor of the actual existence of lesions within the cells of the
brain  and  spinal  cord.  For instance,  none  of the papers  is provided  with  good
enough illustrations for us to ascertain with any degree of accuracy the real nature
of the alterations observed.  It  is likewise  to be regretted that there are no avail-
able  records supplying quantitative  data of  the percentage  of nerve  cells altered
and the exact degree of change, so that the personal  equation of interpretation is a
large one in each instance.  For this reason it may be questioned whether some of
the  alleged  modifications  do  not  fall  within  the normal  range  of variation.  In
studying a problem so important  it is surprising that so little has been  done with
well  controlled  experimental  animals  and  that  so many investigators  have con-
tented themselves  with autopsy  findings.
Turning now to the vascular system we find that, though the majority of  inves-
tigators has reported  marked  congestion  of  the blood vessels  with small  hemor-
rhagei into  the brain substance,  and Dickson has felt justified  in concluding  that
thrombosis  of the  type observed by Ophiils  is pathognomonic  of botulism,  there
are still many  points  which  remain to be  settled.  Leucocytic  perivascular  infil-
trations have only  been  described  by some  authors  and there  seems  to  be a lack
of  agreement  as  to  the type  of  cell  which  predominates.  It  is  characterized  as
lymphocytic  by Semerak, 7 and  Paulus"  speaks of the infiltration  as consisting  of
4 Marinesco, G., Presse md., 1897, v, 41.
' Ossipoff, V. P., Ann. Inst. Pasteur, 1900, xiv, 769.
6 R6mer, P., and Stein, L., Arch. Ophth., 1904,  lviii,  291.
7 Semerak,  C. B., J.  Infect. Dis., 1921, xxix,  190.
8 Pisani,  S., Policlinico, sea. med., 1922,  xxix,  567.
9 Wilbur, R. L.,and Ophiils, W., Arch. Int. Med., 1914, xiv,  589.
'0 Kempner,  W.,  and Pollack, B., Deultsch. med. Woch.,  1897,  xxiii, 505.
11 Dickson,  E.  C.,  Botulism.  A  clinical  and  experimental  study, Monograph
of The Rockefeller Institute for Medical Research,  No.  8, New York,  1918.
12 Paulus,  E.  A., J.  Psychol. u. Neurol. 1914,  xxi, 201.
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lymphocytes  and plasma cells, while Warthin 13  has referred to the "infiltration  of
polymorphonuclears  with some lymphocytes."  Judging from published accounts,
edema may be very pronounced  14 or not sufficiently marked to attract  attention. 5
One author has mentioned the occurrence  of neurophagocytosis  5 and another the
formation  of gas bubbles  within  the  blood vessels  and in the  brain  substances
Variability in the reaction  of different  laboratory animals has evidently been also
a confusing factor.
In view  of  these  considerations  we  have  made  a reexamination  of
the  changes  in  the  nervous  system,  detectable  microscopically,  in
animals suffering  from  botulinus poisoning,  in order  to ascertain,  as
precisely as possible, the exact degree of involvement of the brain and
spinal cord  and in this way to learn whether  the histological  evidence
is actually  as incompatible  with  the  physiological  developments  as,
judging  from  the  literature,  it  might  seem  to  be.  We  have  been
greatly  aided  by  the kindness  of  Dr.  Bronfenbrenner  in  giving  us
animals in every desired  stage  of reaction  to the toxin  and for many
helpful conferences  in the course  of  the work.
Technique.
After  some preliminary  experiments  with methylene  blue,  toluidine  blue,  and
other  conventional  stains for Nissl  bodies  in alcohol-fixed  tissues, we  found that
better and more uniform results could be obtained by simply coloring with Giemsa's
stain  material  preserved  in Zenker's  fluid  (without  acetic  acid).  The  technique
is  given  in  detail by Wolbach.16 This  method has  the  advantage  of yielding  a
good contrast  coloration with the red component  (Azur II  eosin) and at the same
time of serving well for the detection of microorganisms  and for the routine study
of the lesions.  In  several  experiments  animals were colored  vitally with  trypan
blue in the hope of locating injured areas by deposition of the  dye.  Sections were
cut in  series and as  many were  mounted on  each  slide as could be fitted  under a
22 by 60 mm. cover-glass.
Summary  of Experiments.
Healthy  mice,  guinea  pigs,  and  rabbits  selected  by Dr.  Bronfen-
brenner were injected with the toxin and kept by him until they showed
13 Warthin, A.  S.,  Tr. Assn. Am.  Phys., 1922,  xxxvii,  357.
14 Brosch, A., Wien. kin. Woch., 1896,  ix, 219.
15 Nevin, M., J. Infect Dis., 1921, xxviii, 226.
16 Wolbach,  S.  B., J.  Med. Research, 1919-20, xli,  185.
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very  pronounced  symptoms,  when  we  etherized  them  and  removed
the  tissues  for  microscopic  examination.  The  toxin  was  obtained
by the growth  of Bacillus botulinus upon mince  meat broth and was
filtered  about  2 months  previously.  The  M.L.D.  producing  death  of
a mouse  of 17  to 21  gm. within 48 hours was 0.000005  cc.; the M.L.D.
for  a  guinea pig  of  350  to  400  gmin.,  0.00004  cc.;  and for  a rabbit  of
1,700  gm.,  0.0002 cc.  By  using  animals  of  different  weights  and
employing  different  dosage  of  toxin  a graded  series  of  reactions  of
from  1 to  9  days  duration  was  obtained.  Abundant  controls  were
supplied  by  our  experiments  upon  encephalitis  in  rabbits"'  and  in
mice.' s For  convenience  we  have  set  forth  very  briefly  the  data
concerning  the  material  employed  as  follows:
Mice.
Toxin + Trypan Blue:
Mouse  1. M.L.D.  intraperitoneally  +  0.4  cc.  1 per cent trypan  blue  subcutan-
eously; died in 48  hours.  Perfused  with salt solution  followed by 20 per cent for-
malin.  Complete serial sections,  10 microns, anterior commissure to  C 1, counter-
stained with alum-carmine.  31 slides.
Mouse  2.  0.000004 cc.  toxin  +  0.4 cc.  trypan blue; after 48 hours 0.5 cc. more
trypan  blue; after 72 hours 0.005  cc.  toxin  +  0.5 cc. additional trypan blue; after
80 hours etherized.  Sections,  as above, infundibulum to C 1.  25 slides.
Mouse  3.  0.000004 cc.  toxin  + 0.4 cc. trypan blue;  after 48 hours 0.5 cc. more
trypan blue; after 72 hours etherized.  Sections as in Mouse 2.  34  slides.
Mouse  4.  M.L.D.,  otherwise same as Mouse 3.  Sections anterior border  septum
pellucidum  to C 1.  26 slides.
Toxin Alone:
Mouse 5.  0.00001  cc. toxin;  after 171 hours died;  fixed immediately in 95 per
cent  alcohol  diluted  from  absolute.  Complete  serial  sections,  7.5  microns,  pos-
terior  commissure  to C  1.  Giemsa.  18  slides.
Mouse 6.  0.0001  cc.  toxin;  afteF 24 hours  died;  fixed in Zenker  (less acetic).
Sections  same as Mouse  5.  18 slides.
Mouse  7.  0.0001 cc.  toxin, same as Mouse 6.  22 slides.
Mouse  8.  0.00001  cc.  toxin;  after 20 hours died;  otherwise same as Mouse 5.
21  slides.
Mouse  9.  0.00001  cc.  toxin; after 20J hours  died;  otherwise same as Mouse 5.
21 slides.
17 Cowdry, E. V., and Nicholson, F. M., J. Exp. Med.,  1923,  xxxviii, 695.
8 Cowdry,  E. V., and Nicholson, F. M., J. Exp. Med.,  1924, xl (in press).
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Mouse  10.  0.000005  cc.  toxin;  after  3  days  died;  fixed  tissues  in formalin,
ammoniated  alcohol,  and Marchi for nerve fibers.
Normal  Controls:
19
Mice  11  to  82,  including mice of different  ages.
Specificity Controls:'
9
Mice 83  to 94.  Injected with Kieselgur,  starch, carmine,  India ink, trypan blue,
manganese  dioxide, and mercuric chloride.
Mice  95 to  101.  Mouse typhoid-immune  animals.
Mice  102 to 107 with large transplantable  tumors.
Mice  108  to 113.  Injected with  emulsion of kidneys of tumor mice.
Guinea Pigs.
Toxin Alone:
Guinea  Pig  1.  0.00005  cc.  toxin  subcutaneously;  after  71  hours  etherized.
Serial  sections through midbrain,  at  two levels  in medulla  and  at C  1.  Zenker-
Giemsa.  27 slides.
Guinea  Pig  2.  0.000025  cc. toxin;  after  69 hours  etherized.  95 per cent alco-
hol, Giemsa, serial sections through midbrain, medulla,  and C  1.  37 slides.
Guinea Pig 3.  M.L.D.;  after  48 hours  etherized.  95 per cent alcohol,  Giemsa,
serial sections through brain stem at 4 levels.  34  slides.
Guinea Pig  4.  M.L.D.;  after  4  days  etherized.  95 per cent  alcohol,  Giemsa,
serial sections through brain stem (but many lost).  41 slides.
Guinea  Pig  5.  M.L.D.;  after  4  days  etherized.  95  per cent  alcohol,  Giemsa,
serial sections taking alternate rows of 6 to 10 sections midbrain to C 1.  42 slides.
Guinea Pig 6.  M.L.D.,  after 4 days etherized.  Same.  40 slides.
Guinea Pig  7.  M.L.D.,  after 8 days died.  Same technique.  52 slides.
Guinea Pig  8.  M.L.D.; after 6 days etherized.  Same technique.  40 slides.
Guinea Pig 9.  M.L.D.  Same.  48 slides.
Guinea  Pig  10.  0.00005  cc.  toxin;  after  6  days  received  antitoxin  and  died.
Same technique.  3 slides.
Guinea  Pig  11.  M.L.D.;  after  7 days  etherized.  Fixed  partly in  95 per  cent
alcohol and partly in Regaud's fluid (for mitochondria).
Guinea Pig  12.  M.L.D.;  after  9 days  etherized.  95  per cent  alcohol,  Giemsa.
Guinea  Pig  13.  M.L.D.;  after  9  days  etherized.  Zenker  (less  acetic),  serial
sections  of  brain  at  level  of  septum  pellucidum,  infundibulum,  inferior  olive,
lower part of medulla, and spinal cord.  20 slides.
Guinea  Pig  14.  M.L.D.;  after  7 days  etherized.  Same  technique.  10  levels.
10 slides.
19 Some of these brains were cut into complete serial sections, while in the case
of the remainder  a few  serial sections  were taken at the following levels: olfactory
bulbs, optic chiasma, corpora mammillaria,  corpus trapezoideum,  and decussation
of the pyramids.
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Guinea  Pig  15.  M.L.D.;  after  7 days  etherized.  Same  technique.  13  levels.
13 slides.
Guinea  Pig  16.  M.L.D.;  after  7 days  etherized.  Same  technique.  10  levels.
10 slides.
Guinea  Pig 17.  0.2  cc.  refiltered  toxin heated;  4  days  etherized.  Same  tech-
nique.  8 levels.  8 slides.
Guinea  Pig  18.  M.L.D.;  refiltered  toxin;  4  days  etherized.  Same  technique.
7 levels.  7 slides.
Guinea  Pig  19.  M.L.D.;  refiltered  toxin;  4  days etherized.  Same  technique.
5 levels.  5 slides.
Guinea  Pig 20.  0.075  cc.  toxin;  died  after  12  hours.  Fixed  tissues in  Zenker
with  acetic, Rubaschkin's  mixture, and da Fano's pyridine mixture  for  neuroglia.
Specificity  Controls:
Guinea Pigs  21  to  23.  Injected  intraperitoneally  with kidney  emulsion  from
Mice  17  to  22.  Zenker  (less acetic),  Giemsa, several  sections  at different  levels.
Guinea  Pigs  24  to  37.  Infected  with  typhus  fever,  same  technique,  several
sections.
Rabbits.
Toxin Alone:
Rabbit 1.  .L.D.  intravenously;  after 48 hours etherized.  95  per cent alcohol,
Giemsa.  Serial  sections,  alternate  rows  from  near  rostral  border  of  posterior
commissure  to C 1.  94 slides.
Rabbit  2. M.L.D.  +  0.0004  cc.  antitoxin;  after  48  hours  etherized.  Same
technique,  from caudal border of optic chiasma  to caudal margin  of inferior olive.
45 slides.
Rabbit  3. M.L.D.  Zenker  (less acetic),  Giemsa.  Serial  sections  at 4  levels.  9
slides.
Normal Controls:
Rabbits 4 to 9.  Apparently normal.
Rabbits 10 to  15.  Protected carefully against snuffles infection.
Specificity Controls:
Rabbits 16 to  20.  Subcutaneous injections of benzene in olive oil.
Rabbits  21 to 48.  Experimental herpetic encephalitis. 7
Rabbit 50.  Injected with mouse kidney emulsion  (Mice 17  to 22).
Rabbit 51.  Discarded from animal room owing to sickness  (torticollis).
OBSERVATIONS.
Nerve  Cells.-A study  carried  on  for  several  years  by  one  of  us20
of  chromatolytic  changes in rats  following ligation of the hypoglossal
20 Nicholson, F. M., J. Comp. Neurol., 1923, xxxvi, 37.
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nerve  has  been helpful  in  our attempt to detect  changes  in the  Nissl
bodies.  In  this  search  attention  was  concentrated  upon  the  brain
stem  (including  the respiratory centers)  and  the cervical  cord,  but a
number  of  complete  sets  of  serial  sections  through  entire  brains
was  also  thoroughly  examined.  Doubtful  cases  were  at  once  re-
ferred  to  these standardized  rat  preparations,  embracing  slides  from
294 animals; but although a very systematic study was made, section
by section,  with the aid  of a mechanical  stage,  of the brains of mice,
guinea  pigs,  and rabbits poisoned  with botulinus toxin no alterations
were  found  in  the  Nissl  bodies  or  in  the  nuclei  of  the nerve  cells
which  were  not likewise  observed  in apparently  normal  controls  or
which  were  not obviously produced by traumatism  in the removal  of
the  brains.  From  this  we  assumed  that  an  axone  reaction,  if  it
exists,  is but slight.
Mitochondria  were  not extensively  studied because  the indications
are  that  morphological  and  tinctorial  changes  in  these  elements,
detectable  by  our  present  methods  of  technique,  are  not  readily
induced  experimentally  in  nerve  cells;2'-  but  a  few  sections  (of
Guinea Pig 11)  were stained with fuchsin and methyl green24 without
revealing  anything  in  the  way  of  distinctive  changes.  The  Golgi
apparatus  was  not studied  for  the reason  that  the  technique  for  its
demonstration  is  not  adapted  to  the  survey  of  large  amounts  of
tissue.  Neither  were  preparations  made  designed  to  show  the
neurofibrils.2 5
Nerve Fibers.-On the  chance  that  some  injury  might  have  oc-
curred,  insufficient  to bring about a noticeable  axone reaction  within
the  cells  but  which  might nevertheless  be  located  by  the direct  ex-
amination of cell processes,  several preparations  were  made  (of  Mouse
21  Clark, E., J.  Comp. Neurol., 1914, xxiv, 61.
22  Strongman,  B. T., Anat. Rec.,  1917,  xii,  167.
23 McCann,  G. F.,  J.  Exp. Med.,  1918,  xxvii,  31.
24Cowdry, E. V., Carnegie  Institution of Washington,  Pub. No.  11,  Contribu-
tions to Embryology,  1916,  iv,  27.
25 It  was  recognized  that  the interneuronal  synapses  are important  elements
which must be borne  in mind in  attempts to explain the symptoms of poisoning;
but they escape histologic  enquiry except perhaps in rare cases in certain  teleosts
(Bartelmez, G. W., J.  Comp. Neurol., 1915, xxv, 87).
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10)  by  the  methods  of  Weigert,2 6 Marchi,2 6 and  Ranson27 but  with-
out result.  Either the  fibers  were  unmodified  or  else  they  were  in-
jured  so  slightly  as  to  escape  completely  detection  by  microscopic
examination.
Neuroglia Cells and Fibers.-Although the clinical  symptoms  were
too  acute  to  be explained  solely  on  the  basis  of  involvement  of  the
neuroglia,  a few  special  preparations  were  made  to  supplement  our
regular  examination  of  Giemsa  specimens.  This  was  done  in  con-
sideration  of  the  fact  that  the  recent  discoveries  of  Rio  Hortega2 8
and the  Spanish school  of neurologists  regarding  the participation  of
neuroglia  in  pathologic  changes  could  hardly  have  been  predicted
in  advance.  The  method  advised  by  Rubaschkin29  and  said  to  be
particularly  useful  in the  case  of  the  smaller  mammals  was  applied
(to  Guinea  Pig  20)  with disappointing  results.  Neither  did we  ob-
tain good preparations  by da  Fano's30 method.
Obviously here,  as well  as in the  case of the mitochondria  and the
nerve  fibers,  our  observations  were  inconclusive  because  the  special
technique necessary was not applied to a sufficient number of animals.
Vascular  Engorgement,  Thrombosis,  Hemorrhage, and Edema.-A
slight degree  of congestion  of  the  blood  vessels  of  the meninges  and
at  the  base  of  the  brain  was  our  only  fairly  constant  pathological
finding.  It  was  noted  in  all  three  species  of  animals  studied.  It
varied  in  degree,  being  noticeable  macroscopically  in about  75  per
cent.  On  the  other  hand,  a  few  animals  failed  to show  congestion
even upon  detailed  histological  examination.
Thrombosis was not observed except occasionally  in the meningeal
blood  vessels of  four  guinea pigs  (Guinea Pigs 2, 5 to  7) in  which  it
was  susceptible  of  explanation  on  the  basis  of  a  mild meningitis  to
be  referred  to in the  following  paragraphs.
Small  hemorrhages  were  noted  in a  few  mice  but they  were  not
sufficiently  marked  to  exclude  the possibility  of  their  having  been
26Mallory,  F.  B.,  and  Wright,  J.  H.,  Pathological  technique,  7th  edition,
Philadelphia and London,  1918.
27Ranson, S. W., J. Comp. Neurol., 1912,  xxii,  487.
28 Rio Hortega, P., Trab. lab. invest. biol. Univ. Madrid, 1916, xiv,  19.
29 Rubaschkin,  W., Arch. mikr. Anat., 1904,  lxxiv,  575.
30 Lee, A. B., Microtomist's  vade-mecum,  Philadelphia, 8th edition,  1921.
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produced  by  the  pressure  necessary  for  the  vascular  injection  of
formalin  (Mice  1 to 4)  or  by  mechanical  trauma.  Of  the  nineteen
guinea  pigs  examined,  only  three  showed  small  hemorrhages  into
the  brain  substance.  These  were  found  in  the  medulla  of  Guinea
Pig 1 and in the cervical  region of the spinal cords  of Guinea Pigs 15
and  16.  In addition, a few hemorrhages  were noted in the meningeal
blood  vessels  but  it  was  not  possible  to  establish  their  existence
intra vitam.  All  three  rabbits  were  negative  in  this  respect.
Edema  with  diffuse  infiltration  of  fluid  into  the  tissues  about  the
blood  vessels  as illustrated,  for  example,  in  Warthin's  Figs.  5 and  7
was not observed in any of  the poisoned animals;  but simple dilation
of  the  perivascular  and  perineuronal  spaces,  with  the  contours  of
the  latter  unusually  smooth  and  even,  was  seen  in  several  cases.
This  dilation,  however,  was  of  variable  degree  and  was  noted  as
well  in  some  of  the  normal  animals  and  in a  few  of  the specificity
controls.  We  therefore  regarded  it  as  dependent  upon  factors
difficult  to delimit  but  including  the  condition  of  the  animal  at  the
time of fixation and the technique  used.
Meningitis.-Meningitis with  the  margination  of  polymorphonu-
clear  leucocytes  and lymphocytes  to  the  walls  of  the  blood vessels,
with slight thrombosis and infiltration  of  a few of these cells into the
pia, was observed  in five guinea  pigs (Guinea  Pigs  2,  5 to  7, 19)  out
of nineteen.  In four of these (Guinea Pigs 2, 5 to 7)  clumps of micro-
organisms  having  the  morphology  of  diplococci  (about  1.7  by  1.4
microns),  not  acid-fast  but  resisting  decolorization  after  Gram,
were  found  intercellularly.  They  were  not  seen  in  the  controls,
which  exhibited  no evidence  of a similar  type  of  meningitis,  neither
were  they found in either mice or rabbits.  From these observations
it seemed improbable that the thrombosis and the meningitis reported
under  this heading  were to be considered  as resultant  from botulinus
poisoning.
Perivascular  and Focal Infiltrations.-Only five  of  the mice  (Mice
1 to  5) poisoned  with  the toxin  exhibited  perivascular  infiltrations
of  mononuclear  elements  as  described  in  the  literature  under  the
heading  of  botulism.  Since,  however,  these  lesions  were  found  to
be  absent  sometimes  in  mice  equally  affected  by the  poison  (Mice
6  to  9)  and  were  seen  in  several  apparently  normal  control  mice
(Mice  13,  19,  31,  38,  and 82),  it is unlikely that they were originally
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caused  by the action  of  the toxin,  although  they may be more prone
to  occur  in animals  whose  vitality is  reduced  by poisoning.  They
were not found  in similarly  poisoned  guinea pigs,  but were  observed
in  apparently  normal  rabbits,  in  others  suffering  from  botulism,
and  under  a variety  of experimental  conditions.  Certain  protozoan-
like  parasites  have  been  reported  in  association  with  lesions  of
this kind in rabbits31-3 4 and we  have  found  similar  organisms in  mice
(including Mouse  4)  which  we  have  described  elsewhere.'8
Gas Bubbles.-Gas bubbles,  like  those  mentioned  by  Warthin,'3
and  having  the  same  general  distribution  but  devoid  of  bacteria,
were observed in a small proportion  of mice, guinea pigs, and rabbits
suffering  from  botulism.  They  were  absent  in  three  guinea  pigs
(Nos.  17,  18,  19)  specially  treated  with  refiltered  toxin  to  obviate
any  possibility  of  the  transfer  of  bacteria.  They  were,  moreover,
noted  in some  of the  controls,  particularly  in brains  which  were  not
removed  immediately  after  death,  so  that  in  our  material  these
bubbles  cannot  be  considered  to  have  developed  in  relation  to  the
poisoning.
RESULTS.
The  results  of  our  observations  indicate  that,  except  for  a  slight
degree  of  vascular  engorgement,  all  the lesions which we have noted
in the brains of mice, guinea pigs, and rabbits suffering from botulinus
poisoning  are  readily  susceptible  of  some  explanation  other  than
that  they  are  produced  by  the  direct  action  of  the  toxin  upon  the
central  nervous  system.  This absence  of  microscopic  evidence  of  a
central  action  of the  toxin is not, of course,  conclusive  proof that the
cells  in  the  brain  are  not  primarily  involved;  because  it  is  quite
conceivable  that,  owing  to  the  delicacy  of  the  nervous  mechanism,
the toxin might  well act  centrally  without leaving  any traces  micro-
scopically  visible.  But the observations  do  tend to  show  that,  upon
the histological  side, there is no  evidence inconsistent  with  the results
of  physiological  experiments  indicating  that  the  site  of  action  of
the toxin  is upon peripheral  nerve  terminals.
31 Wright, J. H., and Craighead, E. M., J. Exp. Med.,  1922, xxxvi,  135.
32 Doerr, R., and Zdansky, E., Schweiz. med. Woch.,  1923, liii, 349.
33 Levaditi,  C.,  Nicolau,  S.,  and Schoen,  R.,  Compt. rend. Acad.,  1923,  clxxvii,
985; Compt. rend. Soc. biol.,  1923,  Ixxxix,  1157.
34 Goodpasture,  E. W., J.  Infect.  Dis., 1924,  xxxiv,  428.
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